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Abstract:  
45S5 Hench bio-glass (BG) has gained interest in research because of its potential clinical 
applications. Several studies in-vivo and in-vitro have been in progress to improve bio-integration 
efficiency of this glass. In present contribution, surface modification of Hench BG has been done 
employing a femtosecond (fs) laser beam, resulting in increased effective surface area of the sample. 
These surface modified samples were subsequently immersed in simulated body fluid for varying 
number of days and characterized using Scanning electron microscope, energy dispersive X-ray 
analysis, X-ray diffraction, and micro-Raman spectroscopy. In-vitro studies indicated superior growth 
of hydroxyapatite (HAP) layer on the laser treated samples in comparison to the untreated samples. 
Presence of strong XRD peaks confirmed faster growth of HAP on laser treated samples. Raman 
peaks, five times more intense and relatively narrower represented higher crystallinity of 
hydroxyapatite layer on laser treated BG.       
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1. Introduction:  
         Use of implants made of biomaterials has emerged as a potentially successful and preferred 
option for treatment and repair of bones as such materials facilitate growth of calcium rich 
Hydroxyapatite (Ca10(PO4)6(OH)2 or HAP) layer on its surface in human plasma. Presence of HAP 
layer on bioactive material, in its turn, accelerates interfacial reactions between host tissues and 
implant materials. Therefore, extensive research has been focused on techniques which can suitably 
modify surface properties of implants thereby enhancing growth of HAP and hence the 
biocompatibility of such implants. Large varieties of bioactive materials exist; glasses, ceramics, 
metals, and polymers which have been used in bio clinical applications. Among these 45S5 Hench 
bio-glass (BG) is a well known and extensively studied bioactive material [1-2]. This BG is a subset 
of inorganic bioactive material and has been widely investigated as an implant material. BG has been 
used in more than a million patients to repair bone defects in the jaw and for orthopaedic applications, 
as dental inserts for tooth roots and implants restoring hearing of deaf patients [3-5]. 45S5 BG is a 
modified soda lime silica glass having a composition of SiO2 (45 wt %), Na2O (24.5 wt %), CaO (24.5 
wt %) and P2O5 (6 wt %) and can be synthesized either by, melt-casting process [6] or sol-gel method 
[7]. BG has been found to efficiently react with physiological fluids to form bone like HAP layer 
successfully enhancing biological interaction of collagen with the material surface [8]. 
          Several in-vitro studies have been done towards improvement of growth of HAP on BG. For 
this, 45S5 BG has been modified either physically or chemically and immersed in simulated body 
fluid (SBF) to observe time dependent growth of HAP [9-11]. SBF is a mixture of NaCl, NaHCO3, 
KCl, Na2HPO4.2H2O, MgCl2.6H2O, Na2SO4, (CH2OH)3 CNH3, CaCl2.2H2O and HCl, typically a 
chemical equivalent to human blood plasma [12]. Growth of HAP layer on the surface of BG in SBF 
follows three main steps: ion exchange, dissolution and precipitation. In the initial step, cations such 
as, Na+ and Ca+ from the glass exchange with H+ present in SBF. Subsequently, Si-O-Si bonds of BG 
break by action of hydroxyl ions (OH-) and hydrated silica (SiOH) is formed. As a result, a silica-rich 
gel layer is generated on the surface of BG. Finally, precipitation of the calcium and phosphate ions 
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released from the glass together with those from solution form a calcium-phosphate rich HAP layer on 
the surface of the glass [13].  
        Some groups have worked towards surface modification of BG to improve bio-integration of the 
sample maintaining bulk properties such as hardness and strength unchanged [14-20]. Cannillo et al 
used salt-leaching technique to produce 45S5 composite scaffolds in which well developed open 
interconnected porous structure was obtained [14]. Fu et al used polymer foam replication technique 
to prepare porous scaffolds of bioactive glass with high strength [15]. Song et al used room-
temperature freeze-casting method to fabricate porous bioactive glass ceramics, leading to samples 
which were highly biocompatible [16]. Lopes et al investigated the changes that occurred on the 
surface of 45S5 bioactive glass when enriched with calcium ions [17].  Three-dimensional highly 
porous bioactive scaffolds were fabricated by sintering process by Chen et al after which the samples 
showed good mechanical support and bioactivity [18]. Some of the surface modification techniques 
discussed above required use of organic solvents which however, reduces ability of cells to form new 
tissues in vivo [19]. High temperature when used for sintering process crystallizes the BG sample 
which consequently reduces its bioactivity [20]. Therefore, there exists a need for a technique which 
can modify the surface of BG samples and eventually improve its bioactivity.        
         We report here, use of a novel laser based approach employing laser induced surface 
modification of BG resulting in increased roughness and hence an increase in the effective surface 
area of the sample. We have used a direct femtosecond laser writing technique to surface modify 45S5 
BG samples. Laser based process being a one-step method, not requiring any organic solvent, also 
allows processing to be performed under ambient conditions. In addition, unique advantages 
associated with femtosecond laser based surface treatment, such as reduced debris and contamination, 
excellent reproducibility and minimum heat affected zone, make this approach a particularly attractive 
technique [21]. Appropriate focussing of the processing femtosecond laser beam allows modification 
either, on the surface or, within the bulk of the material. In our investigation, precisely focused laser 
beam on the sample surface restricted the modification only to the surface of the sample. Parameters 
such as laser power and sample scanning speed were also suitably optimized after several runs leading 
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to surface modification of samples, at the same time avoiding sample damage by the intense laser 
beam. Subsequently, these laser treated BG samples were immersed in SBF for varying number of 
days to investigate development of HAP. Our results demonstrated far superior growth of HAP on the 
laser treated BG samples in comparison to untreated samples.       
2. Experiment:  
 
2.1. Preparation of bio-glass: 
 45S5 glass with nominal composition SiO2 (45 wt %), Na2O (24.5 wt %), CaO (24.5 wt %), and P2O5 
(6 wt %) was prepared by melt-quench process.  Around 100g glass batch was prepared by mixing 
reagent grade SiO2, CaCO3, NH4H2PO4 and Na2CO3. The charge was calcined at a maximum 
temperature of 900oC for 12 h, holding at intermediate temperature for 6-8 h, decided by the 
decomposition temperatures of various precursors. To ensure complete decomposition of carbonates 
(precursors) into oxides, the batch was weighed before and after calcination of the precursors. The 
calcined charge was melted under air ambient at around 1500°C in a Pt-Rh crucible. The melt was 
poured in graphite mould and annealed at around 500°C for 4h. The fabricated glass was cylindrical in 
shape which was cut into 2 mm thick circular disks having a diameter of 1.5 cm. Flat surfaces of the 
sample were polished and laser treatment was performed on the polished surface.  
 
         2.2. Femtosecond laser based surface modification: 
  
 
 
 
 
Fig. 1: (a) Illustration of experimental arrangement used for laser treatment of BG NDF is neutral density filter, 
L is 5 cm focal length lens, and sample was fixed on a computer controlled XY-stage, (b) Photograph of the BG 
during surface texturing process, the laser treated area on the BG is indicated with an arrow   
         For surface modification, beam from a pulsed Titanium : Sapphire (Ti:S) laser at a wavelength 
of 800 nm with pulse width 45 fs and repetition rate 3kHz was focused on to the surface of the glass 
NDF  L 
Sample 
Ti:S Laser 
800 nm, 45 fs, 3 kHz 
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sample using a 5 cm focal length lens, as shown in Fig. 1a. The surface modification or laser writing 
speed was controlled using a computer controlled XY-translational stage on which the BG sample 
was mounted. Average laser power was varied between 50 to 200 mW and various sample scanning 
speeds were tried to arrive at a condition where microstructures could be generated without formation 
of crater and associated damages on the surface of BG samples. Typical values of optimized average 
laser power and scanning speed employed for surface treatment were 200 mW and 20 µm/sec, 
respectively. This corresponds to an average laser fluence of 1 J/cm2 incident on the BG sample.  A 
photograph of the sample during laser writing process is shown in Fig. 1b. The laser treated area on 
the sample is indicated using an arrow. These laser treated samples were subsequently immersed in 
SBF for varying number of days such as, 1 day, 3 days, 5 days, 10 days and 20 days to investigate the 
extent and rate of HAP growth.  
 
2.3. In vitro bioactivity tests: 
          Simulated body fluid was used to evaluate in vitro bioactivity of the samples. SBF has an ionic 
composition similar to that of human blood plasma. The SBF solution was prepared by dissolving 
appropriate amount of salts (as listed in Table-I), in de-ionized water. 1000ml of SBF was prepared in 
which the salts were initially dissolved in 700ml of water and a total of 40ml of 1M HCl solution was 
consumed for pH adjustments.  The reagents were added one by one (in the order provided in Table-I) 
after each was completely dissolved in water. 15ml of HCl was added just before 6th reagent addition. 
The remaining portion of HCl solution was utilized in further titration process. The prepared solution 
was finally diluted with de-ionized water to make the final volume of 1L.   
Femtosecond laser treated and untreated glass samples were immersed in SBF at body temperature 
(37°C) and the pH of SBF was maintained at 7.4, similar to that of blood. Freshly prepared SBF 
solution was used each day to ensure an availability of fresh reactive ions for the reaction to occur 
with samples. At the end of the soaking step for BG, the samples were removed from the SBF and 
rinsed with deionised water to prevent further reactions and dried in air before carrying out the 
characterization tests. 
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Table I. Chemical composition of SBF 
 
 
 
 
2.4. Characterization: 
         The surface morphology of BG before and after dipping in SBF was investigated using a 
scanning electron microscope (SEM) (Carl Zeiss EVO 40 SEM, 20 KeV beam energy, Tungsten 
filament). An elemental distribution analysis was carried out to identify the ionic substitution route for 
growth of HAP using an energy dispersive X-ray analyzer (EDAX) (Bruker Quanta EDS), which was 
directly connected to a SEM system. Surface roughness of the samples was measured using a Taylor 
Hobson 3D optical profilometer (Green light, Resolution 0.1Å). Crystalline nature of HAP grown on 
glass surface was confirmed from X-ray diffraction (XRD) studies using PANalytical MRD system. 
XRD measurements were done using CuKα radiation of wavelength 1.54 Ao in out of plane geometry 
over the 2θ range of 200-350 at scanning speed of 2o/min. Micro-Raman spectroscopic investigation 
was performed using HR 460 spectrograph, and excitation source at 532 nm from a diode- pumped 
solid-state laser. Liquid nitrogen-cooled CCD detector and an appropriate super-notch filter to cut off 
the Rayleigh scattered light were used. Signals were collected in the back-scattering geometry and 
Neon lines were used for calibration of Raman spectra. 
 
 
 
 
 
Order  Reagent Amount 
(gpl) 
1 NaCl  6.547 
2 NaHCO3 2.268 
3 KCl 0.373 
4 Na2HPO4.2H2O  0.178 
5 MgCl2.6H2O 0.305 
6 CaCl2.2H2O 0.368 
7 Na2SO4 0.071 
8 (CH2OH)3CNH3 6.057 
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 3. Results and discussion:  
3.1 Effect of laser treatment on 45S5 BG: 
  
 
Fig 2: SEM images of (a) surface of untreated BG, (b) & (c) Typical low (46X) and high (3KX) magnification 
SEM images of laser treated  region of  BG and (d) cross-sectional view of laser treated BG 
            Fig. 2a is a typical SEM image of the untreated BG surface. In Figs 2b and 2c are shown SEM 
images of the laser treated BG at low and high magnification levels. An area of 4mmX5mm was 
surface modified by femtosecond laser as depicted in Fig. 2b. Microstructures formed on the surface 
of the glass along with increased surface roughness after laser treatment is clearly visible in Fig. 2c. In 
comparison a relatively smoother surface was observed in case of an untreated sample. Extent of laser 
modification of BG surface was found to be hundreds of micron in depth which was far less than the 
total thickness of the sample as shown in the cross-sectional view of the laser treated sample (Fig 2d).  
 
 
Fig 3: Optical images of BG (a) untreated, laser treated (b) 2D, and (c) 3D 
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       Surface roughness of untreated and laser treated BG was measured using optical profilometer. 
Fig. 3a is the optical image of untreated BG, the average surface roughness of the sample was 
measured as 0.23 μm. Figs. 3b and 3c are the 2D and 3D optical images of laser treated sample, 
respectively. The surface roughness of the BG notably increased to 6.41 μm after laser treatment.   
 
 
 
 
 
 
Fig 4: Water contact angle of (a) untreated (b) laser treated, SBF contact angle of (c) untreated and (d) laser 
treated, BG 
      While, as is samples were hydrophilic for both water and SBF, their wettability is expected to be 
modified post laser treatment. Water contact angle of BG changed from 80o (Fig. 4a) to 34o (Fig. 4b) 
for untreated and laser treated samples, respectively. The SBF drop contact angle also decreased from 
58o (Fig. 4c) to 30o (Fig. 4d) after laser treatment. The improved wettability of the laser treated 
surface for SBF is expected to facilitate increased polar interaction between sample and SBF hence 
boosting the bio-integration process.  
(c) 
(d) 
(a) 
(b) 
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Fig 5: (a) X-ray diffraction pattern of untreated (solid line) and laser treated (dotted line) BG, and (b) Raman 
spectra of untreated (solid line) and laser treated (dotted line) BG 
        Solid and dotted lines in Fig. 5a are the XRD patterns of untreated and laser treated BG, 
respectively. The broad solid line centred at 31.8o belongs to as produced BG confirming the 
amorphous nature of the glass. A number of sharp peaks are observed in XRD pattern on laser 
treatment, suggesting surface crystallization of the sample on laser irradiation. Most of the XRD 
peaks in Fig. 5a matched with JCPDS # 22.1455 confirming Na2Ca2Si3O9 crystalline phase of the BG. 
Similar phase change in the BG was reported by Chen et al when the glass was sintered at a high 
temperature of 1000o C [18]. Our observations therefore suggested that, during laser treatment heat 
accumulated within the focal volume of the laser treated zone was sufficient to generate some of these 
crystalline phases. Presence of crystalline phase of the BG has been reported to delay the onset time 
of HAP growth on BG hence decreasing its surface reactivity [22]. However, phase change observed 
by us on laser treatment was restricted within the laser affected zones (thin layer) on the sample 
surface leaving the bulk largely unaffected. As depicted in Fig.2d, laser affected thickness is restricted 
to a few hundreds of micron in comparison to total thickness of the glass sample (2000 micron). In 
contrast to surface crystallization, increased surface roughness generated on laser treatment is 
expected to enhance bioactivity. Since, the crystallization of the sample has occurred in micron-level, 
this is not expected to adversely affect the bio-activity of glass significantly.  
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       In Fig. 5b solid and dotted lines show the Raman spectra of as prepared and laser treated BG, 
respectively. The Raman bands observed for BG mainly originate from the vibrations of bond in SiO4 
tetrahedra and Si-O-Si bonds linking the tetrahedral. Peaks located at wavenumbers greater than 800 
cm-1 have been attributed to symmetric stretching vibration of SiO4 tetrahedra with different numbers 
of non-bridging oxygen (NBO) and peaks below 800 cm-1 indicates bending vibrations of Si-NBO 
bonds. The broad band centred at 645 cm-1 corresponds to Si-O-Si groups, peak at 870 cm-1 is 
associated with monomers SiO44- (4NBO), the most intense peak centred at 946 cm-1 is assigned to 
dimers Si2O76- (3NBO) and peak at 970 cm-1 ascribes the rings and chains Si2O64- (2 NBO) [23-24]. 
Finally, the peak at 1076 cm-1 is again assigned to vibrational modes of Si-O-Si [25]. Subsequent to 
laser treatment, the peak associated with dimer group shifted from 946 cm-1 to 965 cm-1 and its peak 
intensity reduced significantly, indicating reduction in the Si2O76- (3NBO) bond strength in the 
sample. Noticeable enhancement in the peak intensity of the Si-O-Si band located at 1076 cm-1 
confirmed strong crystallization of silicate glass after laser treatment. 
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3.2 In-vitro studies after laser treatment: 
 
Fig 6: SEM images of untreated and laser treated BG immersed in SBF for (a-b) 3 days, (c-d) 5 days, (e-f) 10 
days and (g-h) 20 days [scale bar 10 μm], inset shows magnified SEM images [scale bar 200 nm] of 
corresponding sample 
      In Fig. 6 are shown SEM images of untreated (left) and laser treated (right) BG that had been 
dipped in SBF for varying number of days. After 3 days in SBF, nucleation sites of HAP developed in 
(a)  (b)  (c)  (d)  
(f)  (e)  (g)  
Untreated BG 
Untreated BG 
(h)  
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regions separated far apart from each other on the un-treated BG surface (Fig. 6a). For the same 
period of time, relatively denser nucleations of HAP were seen on the laser treated BG (Fig. 6b). 
Nucleation density increased on untreated glass samples after being dipped in SBF for 5 days and 10 
days (Fig. 6c & 6e). However, in case of laser treated BG spherical agglomeration of HAP completely 
covering the entire laser treated region of BG was observed with increasing number of days (Fig. 6d 
& 6f). Similar morphology of HAP has been reported by Song et al [16] and Chen et al [18] on the 
surface of BG that had been sintered at 10000 C.  The spherical structure of HAP on the laser treated 
area shows a network of thread like structure when magnified, shown in the inset of Fig. 6d and 6f.  
Such structures were not observed on untreated BG prior to 20 days of immersion. After 20 days in 
SBF, the untreated BG shows a more uniform growth of HAP (Fig. 6g) and for the same number of 
days high quality and dense HAP growth was observed on laser treated sample, as is evident in Fig. 
6h. The agglomeration rate and density of thread like structure were found to markedly increase when 
samples were laser treated and dipped in SBF.  That the growth of HAP is thicker on the laser treated 
BG surface is also clearly evident from the fact that cracks generated during synthesis of BG continue 
to remain clearly visible in the SEM images of untreated BG after HAP growth (Fig. 6g) unlike in 
case of laser treated samples where these cracks get effectively filled up by HAP growth, as seen in 
Fig. 6h. Further, the laser treated samples developed HAP layer with spherical features of increasing 
size when immersed in SBF, whereas, such features were hardly observed on untreated samples. 
Typical diameter of these spherical agglomerates for 5days, 10days and 20days of immersion period 
in SBF were found to be approximately 5µm, 10µm and 20µm respectively. 
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Fig 7 (a) X-ray diffraction pattern of laser treated BG dipped in SBF for different number of days, & Standard 
XRD pattern of HAP (bar graph) (b) XRD of untreated (solid line) and laser treated (dotted line) BG immersed 
in SBF for 20 days, and (c) deconvolution of XRD plot of laser treated BG immersed in SBF for 20 days. 
       
      Fig 7a shows the XRD patterns of laser treated BG immersed in SBF for varying number of days 
along with the standard XRD pattern of HAP (JCPDS # 09-0432). HAP peaks were not detected for 
the samples dipped in SBF for 1 and 3 days. That growth of HAP was not uniform till 3 days as 
observed in Fig. 7b could probably explain this absence of XRD peaks corresponding to HAP in Fig. 
7a. However, multiple XRD peaks which were observed arising due to crystallization of glass after 
laser treatment (dotted curve in Fig. 5a) also got submerged in the broad band pattern seen in Fig. 7a 
for these two cases (1 day and 3 days). This could happen on account of reaction of micro-crystalline 
BG with SBF [4]. XRD peaks which were signature of micro crystalline BG disappeared faster 
(within 1 day) in our study in comparison to work reported in Ref-4 (3-days). After 5 days, a 
continuous layer of HAP formed and covered the laser treated surface and therefore, a peak at 26o 
along with a broad trace centred at angular positions 320 are observed in XRD. As confirmed from 
JCPDS # 09-0432, these peaks belong to <002> and <112> planes of HAP. For laser treated BG 
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samples which had been dipped for 10 and 20 days, these peaks became sharper with decreased 
spectral width, and increased intensity signifying improvement in the crystalline phase of HAP. 
Typically, the standard ratio of peaks corresponding to the <002> and <112> planes of HAP is 0.66 
(JCPDS #09-0432). However our observations indicate peaks representing these planes to be of nearly 
equal intensity. This suggested that in our case, the HAP crystals are randomly oriented with respect 
to glass surface [26]. Fig 7b shows XRD pattern of untreated (solid line) and laser treated (dotted line) 
BG samples both of which had been dipped in SBF for 20 days. The peak intensities corresponding to 
<002> and <112> planes in case of laser treated BG far exceeds those corresponding to untreated 
glass, implying faster growth of HAP after laser treatment. As observed in Fig. 7a, the micro-
crystalline top layer of BG dissolved in SBF within 1-day leaving behind surface microstructures 
which served as nucleation sites aiding initial reaction of BG surface with SBF. This was also 
confirmed by comparing Fig 6a with Fig. 6b where denser HAP growth was seen on laser treated BG 
than on surface of untreated BG. Therefore our observations confirmed that faster growth of HAP 
occurred on laser treated sample in comparison to untreated BG for the same immersion time.  
Further, XRD pattern of laser treated BG immersed in SBF for 20 days was deconvoluted (Fig. 7c) 
and the resultant peaks matched well with the data available in standard JCPDS (09-0432) for 
crystalline HAP. The average HAP grain size as determined using Debye-Scherrer formula typically 
ranged between 17nm-25nm. 
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Fig 8: Micro-Raman spectra of untreated (solid line) and laser treated (dotted line) BG dipped in SBF for (a) 3 
days, (b) 5 days, (c) 10 days and (d) 20 days 
        To determine the various vibrational modes and associated phases present in HAP grown on BG, 
Raman spectroscopy was performed on the samples dipped in SBF for varying number of days and 
results are shown using solid (untreated BG) and dotted (laser treated BG) lines in Fig. 8. Analysis of 
observed Raman peaks suggested that these correspond to vibrational modes of PO4 group associated 
with HAP. The strongest peak at 965 cm-1 is assigned to the symmetric stretching mode of PO4 
tetrahedron. This phosphate symmetric stretch peak is the characteristic peak of HAP, shifting of this 
peak towards higher wavenumber indicates [27] higher crystallization of HAP particles. The second 
intense peak at 1078 cm-1 can be assigned to the stretching-vibration CO32- (carbonate) bond [27]. 
Percentage of carbonate ion in HAP mainly depends upon the time for which the sample has been 
dipped in SBF, the intensity of this peak increases as carbonate content in HAP increases [28-29]. 
Significant increase in the intensity along with noticeable reduction in spectral width of the phosphate 
symmetric stretch peak centred at 965 cm-1 indicates sizeable growth and greater crystallinity [30] of 
HAP on laser treated BG surface. Up to 5 times enhancement in the Raman intensity was observed for 
laser treated BG in comparison to untreated BG when dipped in SBF for 20 days (Fig. 8d). The 
Raman intensity of carbonate peak located at 1078 cm-1 was also found to be greater in case of laser 
treated sample.  
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Fig 9: Ca/P ratio of HAP grown on the surface of untreated (squares) and laser treated (circles) BG with 
respect to number of days 
    
      Elemental composition and nature of HAP grown on the BG was also analyzed on the basis of 
EDX spectroscopy and calcium to phosphorus (Ca/P) ratio as determined through EDX analysis. The 
Ca/P ratio of HAP on untreated (squares) and laser treated (circles) BG immersed in SBF for varying 
number of days are shown in Fig. 9. The Ca/P ratio of HAP on laser treated samples was found to be 
marginally higher, though largely comparable to untreated samples. Observed value of Ca/P atomic 
ratio was higher than the ideal stoichiometric value of 1.67 for pure HAP. Higher calcium to 
phosphorus atomic ratio has been reported for samples with carbonate (CO32-) group substitution into 
the apatite [31]. This is consistent with our micro-Raman spectroscopic analysis (Fig. 8) which also 
indicated enhanced presence of carbonate ion in HAP on the laser treated BG samples when dipped in 
SBF. Presence of carbonate ions in HAP has been of potential interest as it has been associated with 
higher mechanical strength and has also been reported to play a crucial role in bone metabolism 
through higher solubility of apatite [31].  
       The main concerns of HAP development on implants are its physical quality broadly 
characterized by uniformity and crack free nature of the coating and its high crystalline phase [26]. 
Uniform growth of HAP enhances its adhesion with the host and crystalline nature increases its 
strength and bond to bone tissues. Both these requirements are addressed by laser surface treatment of 
BG samples as confirmed in our present investigation. While, SEM images (Fig. 6d, 6f and 6h) 
Untreated BG 
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confirmed uniform and continuous growth of HAP completely covering the laser treated area, XRD 
and Raman results established growth of highly crystalline HAP on laser treated BG. 
   In conclusion, controlled surface modification of 45S5 BG was successfully performed in ambient 
atmosphere employing a femtosecond laser. SEM images of the laser treated surface confirmed 
generation of microstructures on the surface of BG samples on laser treatment which enhances the 
roughness and hence the effective surface area of the sample. This facilitated rapid interaction of the 
BG surface with SBF leading to faster and uniform growth of HAP. Laser surface treatment thus can 
serve as a potential technique enabling rapid growth of good quality HAP coating on this type of BG 
samples. In comparison to techniques such as sintering of BG at high temperature for improved bio-
integration, laser based surface treatment offers a superior alternative allowing targeted surface 
modification without altering bulk properties such as porosity and hence its mechanical strength. Our 
EDX and micro Raman spectroscopy results indicate the presence of carbonate ions in HAP grown on 
laser treated surface which also is advantageous as it is known to control bone metabolism. Our XRD 
characterization indicated growth of randomly oriented crystalline HAP domains on laser treated BG 
and Raman analysis confirmed presence of relatively intense characteristic peak of HAP on laser 
treated samples. All our results on laser treated BG samples consistently demonstrated growth of 
superior HAP in comparison to untreated BG. Hence, controlled surface modification using 
femtosecond laser pulse opens up new possibilities to enhance the bio-activity of the Hench BG while 
keeping the bulk properties unchanged.    
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